Spiral Molecular Structures 
the Basis of Life. 
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BWÈ TIR AL MOLECULAR oT RU CTE SES 


THB BATS O Ep IS US 
Introdyction. 


Taero aro certain biological processes Su 
as growth, variation, and roproduction, which ars 
sxhibitad by avory living organism, r2gardloss of 
its rank in th? plant or animal kingdom. Thes» 
EBOCOSS2OS establish in nature a sharp lins of 
demarcation batwean living and ncn-living things, 
AICE none of the phenomena of physics oreh m 
exhibit anything that is similar or analogous to 
these fundamental life procossos. 


Biological growth involves not only the 
Eccroetion of tissue-building material, out Aso 
many remarkable chemical transformations which 
take place during metabolism, as wall as the 
asvolopment, in most cases, of highly comol and 
heterogeneous structures. Tha nearest approach to 
this in tho inorganic world is tha growth of crysis 
Bub, crystal growth produces nsither the remarkab 
chemical transformations nor the complsx structur 2s 
Dich often result from biological growth. notes 
mention sevoral minor differences such as the 
polyhedral form of crystals as distinguisned from 
the rounded form of most living organisms, and 
tho hardness of crystals as distinguishod from the 
Softness of most living tissues. The dificroncos 
between crystal growth and biological growth are 
so manifest that it seems hardly fair to assign 
them to the same category, and much less to pro- 
pose ths one as an explanation for the othar: 
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Biological variation differs from ZI inom 
ganic changes and motamorphoses in that the newly 
uira Structures exert a direetine init vende. 
moon the future growth of th: individual, And ve 
Perpetuatcd by a process of hNoredity. 


Biological roproduction is likewise so dis- 
similar from any of the othor processes of nr 
that it seems impossibl> to estabiish even the 
remotest analogy, and much less to attampt to 
explain it on the basis of any of the known phe- 
mazius of paycsmessor ch mistry. 


Thess fundamental lif? procassas aro exhibited 
just as fully and complotely by the simplest bactažia 
as by tho high2st plants and animals. All living 
atganisms, notwithstanding their divorsity of noun 
and appearance, must possess something in common 
which gives ris: to that peculiar charactaristic 
Saa ed "life". 


If tha fundamental life process2s are du? 
primarily to some specific configuration of 
tissues or mombranos, then such configuration 
would have to occur in every living organisn, 
meluding tho simplest bacteria. We nO 
netur» many structural uniformitiss whieh oecur 
mors or loss extensively among certain specics 
of plants and animals, but these ar: tho result 
of evobution and will b> found to disappear as 
we go down the scale of plant or animal life. 
Even the chromosomes which occur in the cells of 
all higher plants and animals have never boen 
observed in any of the bacteria, and therefore 
cannot bc rogarded as the primary and orgginal 
use of the fundamental life process osos 
Mold not bo justifiaple, in the abse on 
experimental proof, to assume that chromosomes 
or similar structural complexities exist in 
bactaria, mersly bacause thoy have been observed 
to 2xist in tho calls of the higher plants and 
animals. 
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That the fundamental life processes must 
Gadus, citheor wholly or partly, tè Ssp eiiie 
ta mical structures is cenorally admittsd, bwè 
there is A pravailing opinion that the moise 
structures which are necessary for tnis purpose 
must be extremely comclex. The failure of all 
previous efforts to devise some type of molecular 
Structure wnich would function in 2 manner 
Similar to the fundamental life processes doses 
Mev, however, prove that the solution of the 
problem must lie in the direction of extrame 
complexity. "FA: compl x molecular structures 
of Which the higher plants and animals ar: 
composed have developed gradually in the course 
of evolution, and the fact that they are necessary 
man the proper physiological functioning o NNNM 
particular organisms inewhich they new occur 
does not prove that they were also the original 
cause of taz fundamental life processes in the 
more primitive argsnisms from which these higher 
plants and animals have developed. If extromely 
complex molecular structur2s were necessary for 
life of any sort, than it would be highly im- 
probable that life could evar have originated 
spontancously. 





The Cneni cal Basis of Litas 


If TRES cannot be due, primarily, ian men 
specific arrangements of tissues or membranes or 
Ba Extremsaly compl molecular structures en 
it must be dus to some comparatively simple 
principl2 of chemistry which has not yet bean 
discovered. To find a clue to this w> must in- 

m tigata the molecular structurs of pret mn 
because these constitute practically all the 
Structural material in the bodies of th: simple. 
unicellular organisms after removal cf tha water. 
Althous: small amounts of fats ars also presan 
yet these do not constitute structural material 
Est Appeır to bo merely the by-products on 
gertain kinds of protein meta ism. 


Protein substances, upon hydrolytic decom- 
Position, always yiela a mixtura of anto scu 
Or their dikstopiperazine derivatives. To tas 
alpha carbon atom of these acids therz is always 
attached one amino group and one hydrogen Atom, 
and usually also a mor: complex group, so that 
they may b2 represented ganzrally as foilows: 


NH9-CHR-CO-OE. 


Thee structural formulis of the more ims 
petant amino Acids Ara a8 folies: 
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Leucine-glutamic acid anhydrides 
(P.A. Levine € W.A. Beatty, 
Ber. 59, 2060, 1906.) 


— CO—-NH _- CH; 
HOOC- CH5- CH, -CH , CH-CH3- CE I. 
u 


Valyb-leucine 
(m. Abderhalden, Z. Physiol. Chim., 
131, 222, 9 


Leucine annyaride 
(E. Avdsrhaldan & K Funk, 


Z. physiol. Chen. 55, m we 
CHz _ CO — NH _ One 
`` CH-CH9-CHT ` CH-CES-OH 





TOF 


Tnese amino acids will readily condenso, 
with the slimination of water, to form either 
cnin structures known as polypeptides, or mwe 
Structures knovm as diketopiperazines. 

(Emil Fischer, Unt arsuchungzn Uber AminosHuren, 
Polypeptide, und Proteine, 1899 - 1906; 
Plimrer's Chemical Constitution of the Ero > 
Monogr^phs on Biochemistry, Longmans, 1912) 


3 NH9-CRE-CO-OH = 


NHo-CRH-CO-NE-CRE-CO-NE-CRH.CO-OH + 2 ELO; 


2 


2 NES -CRE-CO-OE = 


CE 00 
HN C "NH + 2 Hed. 
700 — URH 


Since proteins constitute the principal 
Seructure-building food for animals and upon 
daumestion ar: decomposèd into amino cade 
which form they are assimilated by the tissuss, 
1t is generally thought that the phenomenon of 
growth involv2s condensation processes of a 
Eu ar character. 


The frequent occurrence of dik2topipsr- 
azine rings among the disintegration products of 
proteins seems to indicate that this may be ths 
form in which the alpha amino acid groups occur 
in nature, but a fatal objection to this L 
is that dikztopiperazines cannot grow by con- 
dansation with additional amino acid molscules 
if our purpose is to solv: th» problem of 117) 
then the biological side of the proble: must BE 
given full consideration, and we should have but 
little patience with any theory which explains 
omly th: chemical but not the biologiei „222 
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The polypeptide theory tenches that the 
amino acid groups occur in nature in the form of 
long polypeptide chains. This theory offers At 
least a partial explanation for the phenom mon 
BIS ErTowthn, as well as for structumse variar 
but in its present form is inadequate in that 
ao =s not account for that dəfinit@emort i 
which is possessed by all living organisms, nor 
for spontansous division with the transmission 
of hereditary charactaristics to the progeny. 


Theres is, however, another type of Sune 
ture, namely the helical spiral, which retains 
the 2ssential characteristics of both th: ring 
and the chain. 





{| 
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Polypeptide Spiral s. 


If we assume? that the valancias of the 
carbon atom ars arrangad like the corners of a 
regular tetrahedrom, and that th: thre? val icies 
of tri-valant nitrogen in amino compounds are 
about squally distributed around an squatorial 
gircl:, (which arransmant appenrs to b tis 
only on» that is consistant with all known 
chemical facts,) than the polypaptidz chain may 
De coiled around on itself so as vo forme ` 
melical spiral having substantially tne] Sane 
dianeter as the dikstopipzrazin:2 ring. 
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A polypeptide spiral in NaCl solution.“ 


sa 





dwan 


142 nitrogzn atoms will appear in awè P9 
on opposits 517938 of the epiral, na the comp mex 
fide chains represented by the R's in the pa ion 
equations, as w2ll as th» carbonyl groups, will 
lik wis? arrang2 themselves along other diamatri- 
eally opposite lines. Chamical union will DS 
tak2 place batwasn the succasziv2 nitrogen atoms 
Ek Virtue of their fourth and fifth van 
and porhaps also batrezn the successivo carbonyl 
groups in th manner shown. The nitrog3n atoms at 
mee nds of the spiral will probably una tas 
us tons of inorganic salts, tno pr:sancs otan 
MENA ocassary for th2 nourishment of ant ie. 
organisms. It will br found upon actually con- 
structing this spiral of atomic models that taw 
HS) anpil: room for the compl:x sid? chains RAS 
fourth valancy of th: alpha carbon atom is occupi 3d 
bwEhydrogon, but that th: orsssnos of mor: Commu 
groups ín this position would make th: spiral 
Structur> impossible. We find, howsvsr, thor 
Wecomposition products of proteins always hows 
Prog n atom in this position. 


It will be observed that the polypoptide 
Spiral in the accompanying diagram has an 2xpos24 
amino group at one end, and an exposed carbonyl 
group at the other end. Theoratically it appears 
that additional amino acid radicals could Dom d 
IN th ar and of th: spiral, al theues DR I L 
be some at prasent unknown r>ason why growth can 
taka place at ons ond only. <A spiral with an 
expos2d amino group at th. fros end may ba a:sig- 
nated as positivo (+), and on» with an exposed 
carbonyl group at th2 free end as negativo (-). 

A distinction should also b: mace bati -cn (12 
hand 3d (r) and left-handed (1) spirals. 
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The similarity in form and appearane: 79772 
Bolypzptid> Spiral to a bacillus or a spiri Cmon 
Waid be Apparent. It should ba capable of Brewing 
andwise by condznsation with additional amino acid 
radicals, and as long as tho spiral form is main- 
wsınzd th: struotur? will possess definito men 
phology. It must rmain permanently right-hand 2d 
or left-handed which appears to account for th: 
optical activity always exhibit:d by substances 
Juri. from living organisms. Tr shedla B= 
E B bl 2, during growth, of acquiring ditt er un 
arrays of side chains upon bzing nourished with 
Em ro ont kinds of amino acids, and thus = 11 2: 
tae characteristic of variability. It soule 115 
how*vor, upon division, bo capablo of transmivting 
UND US progsny any permanontly innoritable “Chan 
MRS LiCS, and can therefor? not OSs romero a 1 
comple? living organism. 
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The. Linking of .Polymeptide Sp als 


Since the distance between the centers of 
adjacent carbon atoms is about 1.54 x 1079 en, 
the diameter of a volypeptide spiral, as measured 
between the centers of the atoms, would be about 
es! x 1079 cm. It will therefore require gem 27 
hundred spirals arranged side by side to produce 
an organism as large as the smallest visible 
Prctllus, wnich measures about 1000 x 1078 om 
in diameter. In order that the organism may 
possess definite individual characteristics, thase 
spirals would havs to be coupled togathar in some 
Permanent manner, but after they are thus cou 
tog2ther, they will have a tendancy to preserve 
their arrangsment throughout growth, and if trans- 
mise fission occurs, each portion woule Has R 
continu> growing accėrding to the original past mw 
Th 2r2 will thus b2 exhibited, in th: simplest 
possibl:z manner, a process of inheritancz2 by which 
parental characteristics are pressrvsd throu noun. 
growth and transmitted to the progany. 


It appaars that there are only a limited 
numb2r of ways in which adjacznt spirals can 
B3 connect2d togith ar. The connecting cong 
must be conparativ2ly simpl2, becausa if mora 
than a certain number of intermidiato atoms are 
mess ont their mov2ments will no donec bo 
definitely coordinated so as to form th: POSU 
intermediate structur:s, but will bos mers ome. 
dw random. In ondan to dztarmins th= Ari, 
th2s2 connecting compl ex:s, th us: of atomic 
models is rscommendod, b2caus2 the probl ms 
encount:red here ar» structural rathor than 
dynamic. 
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TA 3 form of connecting complox which ocos 
most frequently in natur: appears to be A tri 
connection oztwzen thr22 adjacmt spirals by mens 
of a contral sarbon atom. The compi 2x groups 
which arz usually attachzd to th2 alpha carbon 
atoms of amino acids aro svidontly the fragments 
from such connecting complexes. It appears from 
study of protin d:composition Pro quere 
EA LYVD=Ss of such tripl: connections occur 
BreLeins. 


L2ucin2, phenyl-alanins, and tyrosin? hav2 
a triple junction at th: gamma carbon atom, with 
an intorm2diate -CHo- group batwaen this triple 
gunetion and the -CH NHo-COOH group. The comp 
tespl> junction, (assuming it to ba the same an 
all thr2e sid2s,) togothor with ons-half of sach 
of the thr22 adjacent spirals, will therefore 

App sar somewhat as follows: 


| | 


Oc NH 
C H 

CH 

CHo 
CH. 

py EX l 
CHo CH, 
NH-— CH Æ > CH ee 
| | 


CO HK 
E. 


' 


Pp 


A tripl> junction of th» gamma-gamma-gamma type. 
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MA e 155 probably the typ» of triplo junction 
wnich will form most readily in natura, boeausè 17 
MOr> jintsrmediat > -CEo- groups ware introduc sd 
they would have too müch froodom of mov mant to 
produce the triple junction Spontansously.  Hydro- 
carbon chains will not roact with zach other if 
they are capable of mov ment at random in any 
Section, and that is just th: condition which 
would exist at any point b>yond th? gamma carbon 
atom. 


If, on the other hand, w2 omit somo of the 
int armsdiata -CHo* groups and attempt to form the 
triple junction at the bata carbon atom, th: 
Spirals will hava to bs brought so clos: together 
that there would probably b2 considarabl 3 ropul- 
son between them due to thermal Vibration or 
atoms. Such a triple junction could prooably Wom 
form spontaneously unlsss the spirals were crowded 
together from the outside, but the pr2sence of 
substances like iso-leucins and valine among ths 
decomposition products of proteins sesns to show 
that triple junctions of the bata type do OCC 
at times. 


The existence of both beta and g^mma junc- 
tions in the same protein is indicated by tw 
occurrence among protein decomposition products 
of substances liks valyl-leucins which contains 
a beta junction at ons end of the mol ecul 2 and 
a gamma junction at the other end. 


If w2 connect tos TRR larg2 number of 
spirals by mans of triple junctions of sith i 
ths bata or the gamma type, thay will form 
BONM cetivyely a cluster of hexagonal compartmants. 
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The cellular structure of proteins: 


In living tissues these will be filled with water 
or dilute salt solution, and it will be obs 
that the vacant spaces in these compartments have 
a combined cross-sectional area equal to about 
three-fourths of tho entire area of the figure. 


The hexagonal form of compartment is believed 
to be the form which occurs most frequently in 
naturs, because the h:xagon is one of ine few 
figures which when duplicated will completely coy m 
an area of indefinitolsize. The only other possi- 
bilities are quadrilatsral and triangular compart- 
ments, but as these would require the coupling 
together of four or six spirals rospo tri 1: 
it is consid2red highly improbabls that teo con 
to any great extent in nature. It 18 donte 
whother connecting complexes batween six spirals 
could form spontancously undr any conditions, 
but connecting comploxes between four spirals 
could probably be formed cccasionally as follows: 
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A cluster of three polypeptide spirals with 
a complet: tripl2 junction at tha cantar ave 
poss>ss All tho fundamental charactsristics AE 
1i1ife, provided it is equipped with a stablé au 
structure. <A group of threz hexagonal compart- 
ments as illustrated on th3 precsdirg page cou 
probably not exist in nature bacaus: sach com- 
partment would have three expos2d corners which 
would render it very vulnerable. Rogardless of 
how many additional compartments wz add to this 
Structure, the maximum number of exposed corners 
can never b: less than two. But at the suriac2 
or the organism thor? is really no necessi t MD 
confining ourselves to the use of hexagons. 11 
for amplo, w2 form th» surface structure 
pantagons instead of haxagons, the number of 
exposed corners on sach compartmant would be re- 
ducad to ono, and our organism would appear in 
cross-section somewhat as follows: 


a 








Cross-section of ^ simpla living orgnnism. 


Perhaps cystine, which occurs in smail 
amounts in the decomposition products er an 
proteins, forms part of this surfaco struc. 
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We havas harztefcre assunad that connection 
between adjacent spirals takas plac? only through 
th» hydrocarbon side chains attached to the alpna 
carbon atoms. This is undoubtedly the prin e 
mode of connection, but aftr two spiralis das 
thus connected togathor there may be a socondary 
connection between tn» amino grcups of one spiral 
ana tho carbonyl groups of the oth:r. 1211: 
spirals have the same direction of twist, the 
amino hydrcgsn cf on: spiral wild bs oso 
directly opposites tne carbonyl exye n of the ava 
Spiral, so that thers will bs a tsndsncy Tor Wester 
to split cff, leaving tha amino nitrogen to comba 
directly with the carbonyl carbon. in this ROSE 
[there may bo produced sithar ths pyrrole on 
pyrimidine ring, depanding cnwihetncr tho procu 
connection was of tho bota cr ef thse ganm an 
As shcwn in the follcwing diegrams, various dife 
ferent configurations can bs preducsd by jcining 
Adjacent spirals directly vo en enmen 
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A carbonyl carbon atom should be abla to 
unite in this mannzr with two nitrogzn atoms of 
an adjacent spiral, and sinc? it is already joined 
to one nitrogen atom of th? same spiral, there will 
B= Broduced in this manner th» guanidine complex 
which occurs at one and of tho arginine molecule. 
The three intermediate -CH,* groups of the arginine 
molecules are exactly the number that would occur 
in passing over to the next adjacent spiral if the 
intermzsdiat2 junction is partly of the bata and 
partly of the gamma type. 


Araesmıne in situ. 


„2 
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Conclusion. 


The cerrsctness of the above hypothesis 
depends in a large maasure on whether we were 
Mastefied in making the Assumption that tae 
fundament^l life processes ars inherent in tho 
molecular structure of the protsins. and WEE 
primarily dspendent on any specific physical 
heterogenoity. This assumption is clearly con- 
EASY to orthodox theories which attribute 
as much importance to ths physical heterogonoity 
of protoplasm as to th: chmical comstitution 
phwexcof, but tho failure of orthedex thes 
to Account for and explain the fundamental ie 
processes should be sufficient justifications 
atisnpting tho solution of the probl m on a 
now basys. 


The molscular structure of proteins will 
probably never be established conclusively by 
chemical analysis alone. It is, in fact, dol 
ful whether protein molecules are of uniform size 
and composition. According to the foro oema 
hypothesis protein molsculos, when dissolved in 
WAtTSYT or dilut2 salt solution probably consu 
platelets of irregular form and size which have 
become separated from a cluster cf hexagonal com- 
partments. The methods of analyticnl chemistry 
can tell us only wnat the fragments cf pror Ti 
Structure are and what the elamontary composition 
thersof is, In ordor to find out how these Trade 
ments were joined tog>sther we must take into 
consideration th» principles of biology, Arth ma 
after a cortain sch ma has been suggested, wo 
may de&srmins tho probablo corractnsass theres 
by comparing the elomantary composition af swen 
hypothetical structure with that found experi- 
mentally. 
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All proteins, (with the oxcoption of prot- 


amines and histon2s,) hav2 approximately the 
following parcantagz composition: 


Carbon Hydrogen Nitrogen Oxygen Sulphur 
SD 6.9-7.3 15.0-19.0 19.0-24 0.3-2.4 


If wo take, as a reprasentativ> samples ef 
our hypothetical substanc?2, a compil tE triple 
junction of the gammai-ganma-gamma typ2 and cne- 
wur of sach of th: thrse adjaesnt spiralis, LL 
the empirical formuln tharafor may b> darived 
as follows: 

CQ 
CH (Cho) 3CH = ve 
15 | 


This will give the following percentage compcsition: 


Carbon Hydrogen Nitrog n Oxyg^n 
S.C 9,8 1818 CUNEO 


Tho values thus calculated aks in ME) 
accurate agroemont with the oxporimsntal values, 
except that tho hydrogen is slightly low, but that 
is just what would be expected bacnuse of the 
@arficulty of obtaining proteins in pir 
anhydreus condition. Another prssibls explana- 
tion for the low hydrogen parcentage is that the 
protein molocul? in water solution may consist nf 
only a thin sheet takon transvorsely cf th: ax>s 
af the spirals, sc that many additional hydmseg an 
items or hydroxyl groups will bs required dom 
ccmbinaticn with the free ends of the spirals. 
Fer 2xample, if wo include cnly two additional 
Hydrogen atoms in our theoraticeal farmmuan, the 
porcentag2 of hydrogen will be brought up to the 
values obtained »xporimontally. 
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If w> assume the tripl2 jumeticn tc te oua 
two-thirds guma and ons-third bata, than the 
Peecntse> composition will bs as Tollos: 


Carbcn Hydrogen Nitrogen Oxygen 
95571 De ONE SON 


Insteid cf deiling with absoluto pote me ee 
ee tae varicus elsmonts, it is bat r te Gea 
wich ratios cf carbon ta nitrcgan, because te 
Bi of thos2 tvc valuos will bs un :ffscpea L 
VR ng amounts af water that may bo presse wan 
Ey tie extra hydregon that may bo aii ica 
lx nas of ta: spirals. 


From tho above theoretical data mo absan 
a [ollewing rotins of carbon té nokr 


ern triplo juncticns of ti 
gomma-gwmm?-g«mna type, 2.86 


With triele juncticns cf tne 
b ota-gamma-gamma typ2, ZO 


Wath quadrupl? juncticns 
cf the typo: 


~ Pa 
CH -— CH 2.14 
"a F 
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Gaot2in the chromosome mechanism in detail. 
Chremosomes dc not occur in the simpl 3st 
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